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THE  APPLICATION  OF  PURE  STRAIN  RATE  TESTS 

':1 TO  :  ’  .  : 

AN  INVESTIGATION  OF  7,70  'j6  1 Jfc  NUN  TUBES  ' 


ABSTRACT 

This  report  presents  the  results  of  a  study  of  two  76  MM  gun  tubes 
supplied  by  Aatervliet  Arsenal,  and  which  had  been  ruptured  by  detonation 
of  a  high  explosive  shell  in  the  bore.  One  tube  fragmented  badly  while  the 
other  exhibited  a  ductile  fracture.  Specimens  taken  from  each  tube  consisted 
of  thin  v/all  tubular  cylinders  which  were  tested  both  statically  and 
dynamically  under  uniaxial  stress  conditions.  The  dynamic  tests  were  made 
at  strain  rates  as  high  as  190  in. /in. /sec.  Rupture  of  some  of  the  specimens 
oc cured  with  very  low  maximum  uniform  strain.  Static  tensile  tests  and  Isod 
impact  tests  failed  to  reveal  any , difference  in  the  two  gun-  tubpa»,>  The  tests 
on  the  uniaxial  thin  wall  specimens  show  that  the  gun  tube  which  failed  in 
a  brittle  manner. has  a  very  low  maximum  uniform  strain  while  the.  gun  tube  that 
failed  in  a  ductile  manner  has  a  much  higher  maximum  uniform  strain.  These 
results  are  discussed,  in  relation  to  the  influence  of  strain  rate  on  the ■ 
properties  of  each  material  and  the  effect  of  metallographic  structure  on  the 
results.  The  conclusions  of  this  investigation  cannot  be ...  applied:  to  all  gun 
tubes  until  otfier  guns  are  investigated. 


Introduction 

* 

The  Watervliet  Arsenal  submitted  9  in,  sections. taken  ffom'  the  / 
mid-section  of  tv/o  76  MM  gun  tubes.  These  guns  were  ruptured.. by  detona.- 
tion  of  a  high  explosive  shell  in  the  bore,  One  gun  fragmented  badly 
with  no  visible  evidence  of  ductility,  .while  .the.  other  exhibited,  ..a  ductile 
fracture.  Static  tensile  tests  and  Charpy  impact  tests  made,  at  water- 
vliet  Arsenal  failed  to  show  any  marked  difference  between  the  materials 
of  the  two  gun  tubes  at  ordinary  temperature. 

Under  the  conditions  to  which  these  tubes  were  subjected,  pure 


strain  rate  prevails ,,  that  i:s,  strain  propagation  is  negligible,.  In  view 
of  the  marked  difference  in  'the"  perTormahce ' of  these  two  materials  under 


II estiik  te 


RESTRICTED 


REST  It  I C 


-2- 


RL1TT1ICJED 


the  severe  dynamic  condition  imposed  upon  them  and  the  absence  of  a 

difference  in  static  properties,  strain  rate  studies  were  initiated. 

The  principles  underlying  strain  rate  as  distinct  from  impact  have  been 

1) 

presented  in  a  previous  report. 

The  putpose  of  this  report  is  to  present  the  results  of  strain 
rate  tests  made  on  specimens  from  the  two  gun  tubes  in  the  hope  that 
a  dif  ferenpd  in' 'p’ro-pertie'S  might  ..be  revealed,  •  t  . 


Testing  Equipment 


;  :  A -vertical  impact  testing machine,  and  -.recording  facilities  were 


used  for  these  strain  rate  test 8k;  A.:Coaiplete  description  of  this,  equip- 
ment-was  given  in  a  previous  report*  In  those  teats  a-pure  rate  of  , 


strain  is  attained  by  using  a  tubular  specimen  (Fig,  l-fa);  filled 


with.. 


mercury,  which  is  subjected  to  an  increasing  internal.;; pressure* :u  T!he .  rate 
of  pressure  rise  is  controlled  by  the  motion  of  a  piston  in  a  cylinder 
connected  directly  to  the  specimen.  The  desired  speed  of  the  piston  is  ■ 


attained  by  striking  one  end  of  the  -piston  with  a  hammer,  moving,  at  the  / 


required  velocity.  ..  . -..  .  ... 

The- -vertical,  impact  machine  (fig,  2)  consists  o f  a  pair  of. • 

vertical  rails  which  guide  the  hammer.  The  hammer  is  accelerated  by,  •  , 

rubber  bands  or  allowed,  to  fall  freely,  depending  upon  the  velocity  required 

The  specimen  and  pressure  cylinder  assembly, (Fig,  3)  is  mounted  on  a 

column.  The  lower  end  of  this  column,  rests. on  thevfloor-.and  the  upper 

end  is  supported  between  the  guide  rails.,;.  The  strain  rate  .of  the  lest 

is  computed,  from  tba.VOlocity  of  the-,  hammer.  Values  . obtained  .  are-  accurate 

Ij  The  influence ;.of  ..pure  strain  rate  on- the  tensile,  pi'opertiee  of  :  lihree 
types  of  ship  plate  by  ?.  E.  Duwez ,  H,  E.  Martens,  D,  A,  Elmer,  and 
R.  3,  Clark,  Contract  OEMs r- 34-0,  Report  NpT  XXXIX, 

2)  Reference  1, 
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to  within  -  5  percent. 

. Thp  lower  end  of  the  specimen  is  unsupported  and  provided  with  a 
clpse,  but  free. fitting  plug,  which  makes  the  axial  component  of  stress 
in  the  specimen,  zero  and  thus  gives  uniaxial  loading  conditions.  This 
plug  transmits  the  internal  fluid  force  to  a  resistance-sensitive  strain 
gage  type  dynamometer.  The  .change  in  resistance  of  the  gage  is  recorded 
with  a  cathode,- ray  oscillograph.  Considering  the  accuracy  of  response 
of  the  .electrical  system  and  the  variation  in  cross  sectional  area  of 
the  specimen,  the  stress  values  obtained  are  accurate  to  v/ithin  -  10  percent. 
The  values  of  maximum  uniform  circumferential  strain  are  computed  from 
the  measured  diameter  of  the  ruptured  specimen  with  an  accuracy  of  v/ithin 
*  6  percent.. 

'■'■t.atic  uniaxial  tests  were  made  on  tubular  specimens  similar  to 
those  used  in  the  dynamic  tests  (Jig.  1-b).  The  pressure  is  applied  by 
means  of  oil  in  a  piston  and  cylinder  assembly  in  a  universal  testing 
machine,  Stre.ss  values  are  obtained  from  the  applied  load  and  the  cross- 
sectional  area  of  the  specimen  with  a  resulting  accuracy  of  within  *  6 
percent.  Circumferential  strain  is  measured  by  means  of  a  dial  gage  with 
an  accuracy  of  within  £  2  percent. 

Static  tensile  tests  were  made  on  specimens  shown  in  Fig.  1-c 
with  a  Riehle  30000  lb  universal  testing  machine.  : 


Materials  Tested 

.The  materials  tested  were  from  the  tubes  of  two  76  MM  guns 

*  1  .  *  • 

submitted  by  Jatervliet  Arsenal,  lections  cy  in,  long  were  taken  from 
..approximately  the, mid-section  of  the  tubes. 

‘  R/i  ITRI-GTED 

REST  RJLCTED 


RE  STRIPPED 


.•  •  ••  ..  ■  '•  ,  •  ..  .  ... 

In-ac  cor dance  -with.  inf  onnat  ion  from  Na-tervliet  Arsenal.)  ihe.ss, 
gtins  were  ruptured:  .by  .-tii-e:  detonation  of  a  high  explosive  shell  in  the  . bore* 
Gun  No.  35-1 badly  with  no  visible  evidence  of  ductility. 

Gun  No.  2129  exhibited  a  definitely  ductile  fracture.  .  Data  supplied  by 
Vatervliet  Arsenal  is  given  in  Tables  I,  II>  and ^III, .  .  .-  •  ...  . 

Uniaxial  strain  rate .specimens  were  taken  from  the  tube . sections 
with  the ^axis- of  the.  specimen.- parallel  to  the  bore.  The  tensile  specimens  . 
were  taken,  .perpendicular  to  the  bore.,  •  The  location  of  the  specimens  is 

shown  in  Fig,  4.-  . .  ■  ■  ■  -.. 

Photomicrographs  were  taken  of  the  structure  of  the  steels  in 

sections,  both,  parallel  and.  perpendicular  to  the  bore  and  at  the  inner 
and  outer  .  surfaces  of  the  cro-s-s  section.  ;  See-. Figs.  5>  l  >  anc*  §• 

Both  steels  have  a  tempered.-  structure,..  The.  structure  of  gun  No.  351 
contains  rather  extensive:  regions  of  free  ferrite  which  do  not  appear  as  .. 
pronounced  in  the'  structure- ..of  gun No,  :.2129T  There^  appears  to  .be  more  ..  . 

pro-eutect.oid  ..ferrite  -in  ..the  structure  near  the  outside  of  gun  .Np,  .351  than 

in  the  inside.  The  difference  between  the  inner. and  outer  portions  of . 

gup  No.,.  2125  .id  not  very -great,  . .  .  . 

Static  Test  Results 

Static  tensile  tests  and  static  tests  using  a  tubular  specimen 
under  internal  fluid  pressure  were  performed  on  specimens  taken. from  the 
two  gun  tubes,  .The  test  results  are  presented  in  .Table  IV  and  curves  of... 
tensile  stress  vs.  strain  and  hoop  stress. vs,  hoop,  strain  are  given  in  . . 
Fig.  9  and  Figs.  10  and  11  respectively.  A  photograph  of  tubular  specimens 
before  and  after  testing  is  shown  in  Fig.  12. 
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The  proportional  limit;  a«d  ultimate  strength  of  tubular,  specimens 
from  gun  No,*  351  were  within  the  ranges,  of  90,000  , and  112,000  lb/inf  and 
99,000  to  135,500  Ib/inf  respectively.  The  range  of  maximum  uniform  strain 
varied  from  0.4  to  1.7  percent.  The  proportional  limit  and  ultimate  strength 
of  tubular  specimens  from  gun  No.  2129  were. .within  the  . ranges  of  106,000 
to  128,000  lb/in?  and  134,000  t.o  147,500  lb/in 'i  respectively.  The  maximum 
uniform  strain  varied  from. 1.2  to  4.3  percent.  Two  of  the  tests  on  gun 
No,  351  failed  prematurely. as  evidenced  in  Table  IV,  both  by  the  low  values  of 
stress  and  small  uniform  strain,  If  results  in  which  the . specimens  failed 
prematurely  are  disregarded,  the  ultimate  .strength  and  proportional  limit 
of  both  gun . tu.be a  are  about  the.  same  respective  values  as  reported  by 
./atcrvliet  Arsenal.  .It  will  be  .noted,  by  comparing  Figs.  10  and  11  that 
the  maximum  uniform  hoop  strain  q.1  the.  two  materials .  is  markedly  different, 

The  results  of  the  static  tensile  tests  made  in  the  present  . 
investigation  showed  no  appreciable  difference  in  elongation 1  of  the  two 
gun  tube  materials.  However,  the  ultimate  strength  of  gun  No,  2129  was 
somewhat  higher  than  that  of  gun  No.  351* 


Dynamic  Test  Results 

>  The  results,  of  uniaxial  strain  rate  tests  made  on  tubular  speci¬ 
mens  from  the  two  gun  tubes  are.  presented  in  Tables  V  and  VI,  All  of 
.the  specimens  tested  had  an  inside  diameter  of  0.250  in.  and  a  gage  length 
of  1,25  in.  The  velocity  given  in  the  fourth  and  fifth  columns  of  tables 
V  and  VI  is  the  velocity  of  the  actuating  piston,  The  velocity  given 
in  column  four  is  computed  from  the  height  of  fall  of  the  drop  hammer. 
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That  given  in  column  five  is  measured,  by  a  series  of  electrical  contacts 


passed  over  by  a  finger  attached  to  the  rubber  band  accelerated  hammer.. 
The  rate  of  strain  (~~~.)  in. in./in. /sec  is  bomputed  adco.rdihg  to  the 
following  Equation ( 


,/  t 


!  r. 


in  which  ^  is  the  radius  of  the  piston. 

,, A  is.  the  in.side  radius  of  the  specimen 
L.  is  jbhe  gage  length  o,f  the  specimen 
,  is?  the  velocity  of  the  pipton 

This  equation  has  been  derived;  ip  the  appendix.  ...  ., 

The. values  of  proportional  limit  and  ultimate  strength,  are 
computed  from  the  force-time  diagrams  recorded  .by:. thp,  .cathode-ray  oscillograph. 
Two  typical  diagrams,  recorded  at  strain,  rates,  of..  42. 2  and.  ^8.9  in. /.in. /sec 
are  shown  in  Figs.  13  and  14  respectively.  Thq  maximum... fluid  pressure  is 
computed  from  the  value  of  maximum  force  recorded  in  the  t.est.,  •  From  this 
the  ultimate  strength  is  computed  by  means  of  the  formula; 


Y.V 

where  p  is  the  fluid  pressure,  e’  is  the  wall  thickness  and  r  is  the 

8. 

average  radius  of  the  tubular  specimen.  .hen  the  recorded  diagram  presents 
oscillations  a  smooth  curve  is  traced  through  an  average  value  and  the 
maximum  force  is  determined  from  this  smooth  curve.  The  .proportional 
limit  is  taken  as  the  stress  corresponding  to  the  force  at  v/hich  the 
diagram  starts  to  curve  to  the  right.-  Only  the  diagrams  recorded  , 
for.  a  rate  of  strain  if  42  2  in. /in. /sec  have  .the  shape  shown  in  Fig.  13. 
For.  higher  rat  es  j/..  sq,r. nil  of.  the.  f  pree-time  c’.iagra;  s  are  of  this-,  type 
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sh'own  in  Jig,.  14  and  the  proportional  limit  is  taken1  as  equal  to  the  ultimate 
strength.  In  cases  where  the  maximum  hoop  strain  is  less  than  about  1.5- 
percent  a  value  of  ultimate  strength  cannot  be  determined  because  fracture 
takes  place  prematurely. 

The  diameter  of  the  specimen  was  measured  after  thd  test.  This 
measurement  was  made  on  that  portion  of  the  specimen  which  remained  nearly 
cylindrical  in  shape  and  not  in  the  region ‘of  the'  rupture,  In  general, 
that  part  of  the  specimen  which  remains  nearly  cylindrical  after  the  rupture 
occupies  more  than  half  of  the  gage  length.  A  photograph  of  the  specimens 
before  and  after  testing  is  shown  in  Fig.  15 .  The  photographs  of  the  fractured 
specimens  give  the  appearance  that  the  diameter  is  less  at  the  point  of 
rupture.  This  is  due  to  reflections  and  is  not  the  condition  that  exists. 

The  ultimate  strength  and  proportional  limit  are  plotted  against 
rate  of  strain  for  each  gun  tube  in  Figs.  16,  17,  and  18  using  different 
symbols  t.o  correspond  to.  the  location  of  the  specimens  in  the  gun  tubes 
referred  to  in  Fig.  4. 

All  of  the.  specimens  taken  from  the  inside  of  gun  Wo.  351 
(0  in  Fig.  4)  exhibited  very  low  strain  and  no  values  of  ultimate  strength 
could  be  determined.  In  spite  of  the  fact  that  7  of  the  17  specimens 
taken  from  the  outside  of  the  tube  (A  and  B  in  Fig.  4)  showed  premature 
failure,  the  10  good  records  give  enough  data  to  show  the  trend  of 
variation  of  stress  vs.  strain  rate.  Values  of  ultimate  strength  and  pro¬ 
portional  limit  obtained  at  a  strain  rate  of  42,2  in, /in. /sec  are  less 
than  static  values  (10  percent  lower  and  20  percent  lower  respectively),  , 

At  a  strain  rate  of  75>8  in. /in. /sec  the.  proportional  limit  is  equal  to 
the  ultimate  strength.  The  latter  is  about  the  same  as  that  obtained  in 
static  tests.  Values  of  maximum,  uniform  strain  vary  from  0  to  5*8  percent 
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and  are  so  scattered  that  no  correlation  can  be  made  with  rate  of  strain* 

In  the  case  of  gun  No.  2129,  two  of  the  specimens  failed 
prematurely.  There  is  no  apparent  difference  in  behavior  of  specimens  taken 
from  the  inside  or  outside  sections  of  the  gun  tube*  'At  a  strain  of 
42,2  in. /in. /sec  the  ultimate  strength  is  about  10  percent  lower  than  the 
static  value  and  the  proportional  limit  is  about  30  percent  lower  than  the 
static' proportional'  limit. '  At' higher  strain  rates  the  ultimate  strength 
tends  to  become  equal  to  the  static  value,  at  strain  rates  above  about 
70  in. /in, /sec  the  proportional  lifnit  becomes  equal  to  the  ultimate  strength* 
Values  of  maximum  uniform  strain’ vary  from  0.7  to  7.2  percent  and  are  so 
scattered  that  no  systematic  variation  with  rate  of  strain  can  be  seen. 

Discussion  of  Results 

The  occurance  of  premature  rupture  of  the  tubular  specimens 
in  both  the  static  and  dynamic  state  is  a  significant  factor  in  comparing 
the  characteristics  of  the  two  gun  tubes.  Most  of  the  specimens  tdcen 
from  gun  No.  351  failed  prematurely  with  very  low  values  of  maximum 
uniform  strain  while  relatively  few  specimens  of  gun  No.  2129  failed  in 
this  manner  and  the  maximum  uniform  strain  was  in  most  cases  greater  than 
3  percent.  .  The  appearance  of  this  difference  in  the  results  of  the  uniaxial 
tests  and  not  in  the  results  of  the  usual  tensile  and  Izod  impact  tests  may 
be  related  to  the  thin  wall  of  the  tubular  specimen  employed.  The  wall  thick¬ 
ness  is  only  about  0.013  in.  and  therefore,  inhoraogeneities  in  the  structure 
of  the  steel  inigh-1'  be  expected  to  have  a  marked  effect  on  the  results 
while  in  a  thicker  specimen  they  might  be  of  less  Significance.  Even 
with  , thick  specimens  these  innomogeneities  in  the  structure  might  be  of 
great  importance  under,  conditions  associated  with  detonation.  In  the 
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present  case  the  ductile  per forma nee  of  gun  tube  No.  2129  and  the  brittle 
performance  of  gun  tube  No.  351  under  detonating  conditions  se«n  to 
correlate  with  the  appearance  of  premature  fracture  in  th6  uniaxial 

*i  * 

tubular  specimens, 

The  ultimate  strength  of  specimens  from  the  two  gun  tubes  6e.ems 
to  be  effected  in  about  the  same  way  by  increasing  the  strain  rate.  It 
is  somewhat  difficult  to  understand  how  the  ultimate  strength  at  a  strain 
rate  of  42.2  in. /in. /sec  can  be  less  than  the  static  value  and  about  the 
same  as  the  ultimate  strength  at  a  strain  rate  of  75*8  in. /in. /sec.  It 
is  possible  that  the  dip  in  the  curve  of  ultimate  strength  versus  strain 
rate  is  associated  with  normal  scatter  of  data.  .More  tests  would  be 
required  to  prove  this.  . 

The  proportional  limit  of  the  material  from  both  gun  tubes 
seems  to  decrease  at  first  with  increasing  strain  rate  and  then  to 
increase  until  it  becomes  equal  to  the  ultimate  strength  at  a  strain 
rate  of  about  70  in. /in, /sec.  From  results  of  similar  tests  on  other 
materials  previously  reported,  ^the  decrease  of  the  proportional  limit 
is  unusual,  but  the  increase  to  the  ultimate  strength  is  normal. 

The  values  of  maximum  uniform  strain- determined  by  measuring 
the  specimens  after  rupture  are  so  scattered  that  nothing  can  be  said 
of  their  relationship  to  strain  rate.  . In  general  the  maximum  uniform 
strain  is'  less  with  the  specimens  from  gun  No.  351  than  from  gun  No.  2129.  •• 

It  is  probable  that  the  conditions  which  initiate  rupture  are  not  easily 
reproduced  because  of  structural  inhomogeneities  in  the  steel  and  the 
small  wall  thickness  oi  the  tubular  specimens.  . 
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'  V/hile  it’"  is ‘difficult  to  establish  w  hat' inhomogeneities  in  the. 

. .  .  -  ...  -  i  :  . 

structure  may  be  responsible  for  the  behavior  6 f  the  mat'erials  in  each 
gun  tube,  certain”  differences  of  structure  may  be  observed  in  the  photo¬ 
micrographs.  For  example,  tube  No.  351  appears  to  have'  not  only  a  coarser 
grain  structure  than  tube  No," 2129,  but  the  former  has  considerably 
more  free  ferrite  than  the  latter.'  It  is  of  interest  to  note  that  there 
is  considerably  more  free  ferrite  in  the  outside  portion  of"  tube  No.  351 
than  in  the  same  region  of  tube  No.  2129.  iome'  of  th‘e  dynamic’  specimens • 
taken  ‘from 'this- portion  of  tube  No.  351  failed  prematurely  with  Very  lav/ 
values  of  maximum  uniform  strain  v/hile  almost  all  of  the  dynamic  specimens 
from  tube  No.  2129  gave  satisfactory  results.  However,  all-  specimens  • 
taken  from  the  inside  of  tube  No.  351  failed  prematurely'!ahd  had  less  1 
free  ferrite  than  specimens  from' the  outer  portion. 

Conclusions 

It  may  be  concluded  from  this  investigation  that  for  the 
particular,  gun  tubes  studied  the  uniaxial  strain  rate  tests  correlate 
with  the  results  of  tests  made  by  the  detonation  of  an  explosive  shell 
in  the  bore  of  the  tubes.  Gun  tube  No.  351  which  fragmented  badly  in 
the  explosion  test  gives  very  low  maximum  uniform  strain  values  when 
tested  under . uniaxial  stress  conditions  with  thin  wall  specimens. 

The  maximum  uniform  strain  values  of  specimens  of  gun  tube  No,  2129 

*  •  *  •  ■»>■'  •  _ 

are  considerably  greater  than  for  the  other  tube.  Tube  No,  2129  failed 
in  a  ductile  manner  in  the  explosion  test.  Further  tests  would  be  required 
on  other  gun  tubes  w.uth  e  larger  number  of  specimens  before  widespread 
conclusions  could  be  made. 
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Derivation  of  the 


for  the  Rato  of  Strain 


The  rate  of  strain  in  the  specimen  can  be  found  as  a  function 
of  the  geometry  of  the  apparatus  and  the  velocity  of  the  piston,  provided 
it  is  assumed  that  the  fluid  is  incompressible.  If  L  is  the  length  of 
the  gage  section  of  the  tube,  the  volume  of  mercury  necessary  to  produce 
an  increase  d_r  of  the  inside  radius  r.  of  the  specimen  during  a  time 


dt ,  is  equal  to  -c  'Ij 't  fiy  •/.  This  volume  is  equal  to  the  volume  of 

.•d  C 

mercury  displaced  by  the  piston  during  the  time  dt.,  which  is  equal  to 


,  in  which  r  and  v  p  are  the  radius  and  the  velocity  of 

V  '  'p 

the  piston  respectively.  The  following  relation  results: 


-  t  'l  -7 

nr  t  —  L 

cl  r. 


If  C  1 

1  p  r 


from  which  the  rate  of  strain 


1  dr  . 


r  HT 


is  found  to  be: 


ilc.  ii-.  -  /lal  j.-.. 

d  t  d  c  { /  Z  L~  •' 
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TABLE  1 


CHEMICAL 

COMPOSITION  OF  GUN  TUBES 

Gun 

No. 

Forging 

No. 

Heat 

No. 

...  Chemical  Composition  (per 
C  Mn  P  S  Cr 

cent) 

Mo 

V 

■  -351 

15410' ' 

1790 

.28  .  73  .  014.  .013 . .99 

.51 

.14 

2129  : 

.  .15336 

S-1797 

129  .73  '  .014':  *014  '  .1,00 

.50  : 

.10 

TABLE  11  .... 

'i  HEAT  TREATMEBT’;Qf"'GUI!  TUBES 


Gun 

No. 

Condition 
of  .Tube 

•  Heat '.Treatment'  0 

351 

Solid 

:.  1700  up- 27  hrs . ,.  .hold  24  hrs-.,  furnace  cooled 

1675  up  .18  hrs . ,.  ;hold  9  hrs'.j  water  quenched 

.  .  .  1140  up  13  hrs.,  hold  9  hrs./  furnace  "cooled 

1675  up  14  hrs.,  hold' 9  hrs.,  water  quenched 

1150  up  11  hrs.,  hold  10  hrs.,  furnace,  cooled 

1700  up  24  hrs.,  hold  24  hrs.,  furnace  cooled 

2129 

Hollow 

1675  up.  17  hps.,  hold  12.hr.s.-,'  water  quenched 

1150  up  14  hrs.,  hold  8  hrs.,  furnace  cooled 

,  ‘ TABLE  HI*)  ;  ':  1  -  '  , 

AVERAGE:  PHYSICAL'.  PROPER TE^pF  GUI'7  TUBES1 

VJatervliet  Arsenal  Data  v‘  Manufacturer’s  Data 


Gun 

No. 

Yield; 

Point 

(ib/inv) 

Ultimate 
.’’Strength 
( lb/lnV ) 

Elong.  Red. 

(percent)' 'Area 

:;(percert) 

'  Charpy 
Impact 
■  (  ftlh. ) 

Yield 

I  oint 

(lb/in?; 

Ultimate • Elong .  Red, 

■  Strength  (percent)  Area 
)  (lb/ in?)  (pacst) 

351 

107400 

137400 

11.3 

25.3 

6.3 

126100 

140000  12,4 

34.6 

2129 

104500 

143700 

14.7 

43.3 

18.8 

4O  '  ■  i- 

134900 

145.800  13.6 

42.1 

*  Locations  of 

specimens  1 

on  which 

V atervliet 

tests  t. 

/ere  made 

are  not  known. 
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TAELB  TV. 


RESULTS-  OF  STATI G  TESTS  ON  SPECHENS  FROM  GUN '  TUBES 


• 

* 

3 

• 

0 . 

•p 

CQ 

~tt  ' 

©  u 

.  pi  © 

O  — 

•H  W 

© 

*r4 

'  £  4? 

0 

O 

.  +* 

o 

‘© 

© 

ft 

Eh 

•H  -9 
©  d 

•  ©  j§ 

Q  S 
oa 

Proport 

Limit 

(lb/in. 

U1  timet 
Strengt 
(lb/in. 

Uniform 
Hoop  St 
(percen 

Elongat 
in  3  in 
(percen 

33.®  © 

§38 
-6  © 

©  <*H  P. 

r.  o  — 

GUN  TUBE  351  - 

Average  hardness  28., 

7  Rockwell 

C 

A-l 

108000 

133000 

1.5 

A-2 

112000 

135500 

1.3 

d  cri 

B-l 

106000 

.125000 

1.0 

'  K  d 
ca  ,a 

•B-2  * 

90000 

99000 

0.5 

•s  % 

C-l  ' 

104000 

130000 

1.7  . 

t=> 

C-2  * 

100000 

107000 

0.4 

&  © 

, .  1' 

94000 

128000 

6.0 

21.3 

©  r-i 

Eh  -h 

M 

2 

98000 

128200 

7.6 

40.8. 

GUN  TUBE  2129  - 

i  * 

Average  hardness  29.6 

,  Rockwell 

C 

u 

«s 

A-l 

128000 

147500 

4.3 

rO 

A- 2 

120000 

14  5000 

4.1  ■ 

g 

B-l 

112000 

137000 

4.3, 

B-2 

113000  .. 

134000 

2.2  ■ 

CO 

C-l 

126000 

144000 

1.2 

C-2 

106000 

138000 

4.0 

•H 

CJ 

D-l 

108000 

137500 

4.0 

D-2 

.  110000 

140000 

. . .  , 

2.5 

id) 

d>  r-4 

1 

110000 

134000 

6.6 

47.1 

Eh 

•  CO 

2 

. 108000  ^ 

136000 

6.8  • 

44,4 

*•  Eranature  failure.  •. 
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,  •  ...  TABLE  Y  '  ;■ :  '  .. 

.  RESULTS  0?  DYlLsI  IC  STRAIN  R...TE  TEST.-  ON  GUN  HO.  351 


0.276 

0.278 

0.277 

0,278 

0.277 

0.277 

0.277 

0.277 

0.281 


E-l  .  , 

io 

E-2  * 

'  6 

B-3 

ii 

E-4 

'9 

E-5  *. 

ii 

B-6 

9 

..  E-7  * 

9 

E-8  * 

10 

C-l  * 

*  7 

0-2  * 

15 

0-3  * 

5 

0-4  *.- 

6 

0-5  * 

’  9 

C-6  * 

'  9 

C-7  *, 

10  - 

0-8  * 

'  7 

0-9  * 

'*  6 

0-10  . 

'  9 

0-11  * 

'  6 

C-12  * 

’  9 

0-13. * 

‘  & 

0-14 

'  — 

- - -  ■ 

6 
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TABLE  VI 

RLEULTS  OF  DYNAMIC  STRAIN.  RATE  TESTS  ON  GUN  NO.  2129 
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HESTRI CTBD 

-GRIND  0.276  ±  .001 
FINISH  5-15  MICROIN. 

I  j—  HONE  0.2  5  00  ^  .0002 
5  MICRO  IN. 

J_ 

3^ 

8 

T 


- 3 


(a)  Strain  rate  apeoimeno 


GRIND  0.276±  .031 
FINISH  5-15  MICROIN. 


HONE  o  2500  *  .0002 
FINISH  5—25  MICROIN. 


(b)  Static  tubular  specimen. 


(c)  Static  tensile  specimen. 


Tig.  1  Test  Specimens. 
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500  X 


Perpendicular  to  bore 


Fig.  6  Photomicrographs  of  gun  tabe  No.  351, 
inside  of  tube. 


500  X 

1500  X 

Parallel  to  bore 

1500  X 
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500  X 


1500  X 


Perpenii  oular  to  bore 


Fig.  7  Photonic ro graphs  of  gun  tube  No.  2129, 
outside  of  tube. 
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500  X 


1500  X 


Perperr  icular  to  bore 

Fig.  8  Photomicrographs  of  gun  tube  No.  2129,  inside  of  tube. 
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fcr  fctfitic  uniaxial 


Fig.  12 


ical  static  uniaxial  specimens. 
Untested  specimen. 

Ruptured  specimen. 
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Fig.  13  Recorded  fbrce-time  diagram  for  gin  No.  2129,  specimen 
No.  D2,  at  a  rate  of  strain  of  42.2  in. /in. /sec. 


Fig.  14  Recorded  force- time  diagram  for  gun  No,  2129,  specimen 
No.  A9,  at  a  rate  of  strain  of  98.9  in. /in. /sec. 
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Fig.  15  Typical  dynamic  uniaxial  specimens. 

(a)  Untested  specimen. 

(b)  Normally  ruptured  specimen. 

(c)  Premature  failure,  snail  plastic  hoop  strain. 
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